This study investigates long-term distributional effects of regional agglomeration. We analyse changes in relative incomes for different educational and occupational categories in Taiwan from 1976-2006, a period during which the country underwent fundamental structural change from labour to knowledge intensive industry and increasing globalisation of the economy. Long-term patterns derived from repeated estimations of cross-sectional micro level data from 31 consecutive annual household surveys show that less educated groups are not systematic losers of the transformation as positive externalities of agglomeration are both significant and widespread in the leading region. The famous pattern of 'growth with equity' in Taiwan has, however, become a regional rather than national feature.
Introduction
The literature on geographic agglomeration, growth and income distribution has over the last few decades grown immensely (for instance, see reviews by Rey and Janikas 2005; Kim 2008 ; Ascani et al. 2012) . It is widely acknowledged that agglomeration is positively correlated with innovative activities and growth (for instance, Jaffe et al. 1993; Storper 1997) . Consequently, geographical agglomeration might generate regional income divergence at the sub-national level. A central question is the extent to which the growth occupation and education, it suggests that the income effect of agglomeration is general in nature. The implications are that the regional labour market is reasonably well integrated allowing e.g., spill-over effects and sharing of productive resources between occupational groups in the leading region. It would signify a situation where Marshallian externalities, facilitated by proximity, are spread out in the region (for instance, Marshall 1890; Glaeser et al. 1992) . If, on the other hand, income increases only for selected educational and occupational categories that are distinguished winners in the process, the interpretation is the existence of weaker linkages or labour market bottle necks. One can then suspect insufficient Marshallian externalities and that the pooling of skilled workers is stronger than skill spill-overs. One of the crucial aspects to consider is whether low-end occupations and educational levels in the leading region are falling behind their counterparts in the nonagglomerating region. If the positive locational effect is selective, enjoyed only by the higher skilled work force in the agglomerating region, regional disparities are likely to be sustained.
Over the last decades, the world economy has globalised, and both developed and developing countries alike have started to shift away from labour intensive manufacturing towards ICT (Information and Communications Technology) and other skill intensive industries, often creating geographical agglomeration. Although the causal relations are yet to be identified, and are beyond the reach of this paper (but see, for instance, Goldin and Katz 2008; Acemoglu and Autor 2011 for discussion of the general mechanisms), it seems as if these contextual changes are closely associated with regional income divergence (Saxenian 1994; Fagerberg and Verspagen 1996; Petrakos 2001; Puga 2002; Sanchez-Reaza and Rodríguez-Pose 2002; Zhang and Zhang 2003; Rodríguez-Pose and Gill 2006; Hamaguchi 2009 ). Whether or not this leads to disproportional income benefits to the already advantaged groups is one of the most pressing questions for scholars and policy makers alike (for instance, Fujita and Thisse 2003; Dupont 2007; WDR 2009; OECD 2011) . The growth process in Taiwan during the closing decades of the 20  th and beginning of the 21  st centuries makes it a particularly suitable case for investigating these matters. The stylised facts of Taiwan regarding both personal and spatial income inequality establish that Taiwan has, for long, been a case of 'growth with equity' (Fei et al.1979; Ho 1979) . During the thirty years under investigation , Taiwan made a shift from a labour intensive light manufacturing economy to a skill-and technology-intensive economy and a simultaneous process of integration into the global economy (for example, deregulation of capital and credit markets, currency reform and trade-opening) occurred. During this period, approximately since the beginning of the 1990s, geographical agglomeration in the north of Taiwan has intensified and regional inequality seems to have increased (Andersson and Klinthäll 2012) . The questions to be addressed are if the distributional effects of agglomeration during this process have been limited or widespread, and what this geographical dimension of inequality implies for the Taiwanese 'growth with equity' pattern.
Through the use of variations of basic Mincer models, nationally representative annual data from household surveys enable us to pursue a detailed analysis of income effects of agglomeration on different educational segments and sectoral employment groups, thus providing micro evidence for macro events. The results confirm that the agglomerating forces have generated an increasing gap between the north and the rest of Taiwan, where more educated household heads have benefitted both compared to their counterparts in the rest of the regions and compared to household heads with lower education within the north. However, the lower educational segments in the north have been able to reap some of the benefits of agglomeration. Taken together, the analysis suggests that although regional divergence gives extra bonus to the highly educated, positive externalities are also forwarded to the less educated in the leading region. The implications of the observation that distant (inter-regional) is stronger than proximate (intra-regional) income divergence might be due to geographical proximity matters not only for growth and innovation, but also as a distributive mechanism -but only in a geographically limited space. The conclusion is reached that the mechanisms of 'growth with equity' in Taiwan have altered and become confined to the leading region rather than the country as a whole.
The rest of the paper is organised as follows: section two discusses the different assessments made on how regional inequality has developed over time with a particular focus on the period of increasing globalisation and associated industrial changes over the last decades. A brief and stylised background to Taiwan is also introduced. In section three, the household survey data and choice of methods are presented. Section four analyses the process of regional convergence and divergence in Taiwan from 1976 to 2006 with special attention given to how the geographic agglomeration and process of regional divergence has affected different educational and occupational groups. Section five constitutes the concluding remarks.
Regional divergence, agglomeration and inequality
One of the main general lessons in the literature on spatial economic dynamics is that regional income disparities tend to follow an inverted U-curve (Williamson 1965; Kuznets 1966; Combes et al. 2011; Kim 1995; Paluzie et al. 2004; Barrios and Strobl 2009) . While initial regional divergence in the early part of the process of industrialisation has been explained by industrial geographical agglomeration experiencing positive externalities (for instance , Myrdal 1957; Hirschman 1958) , the convergence part of the curve follows the expectations of factor price equalisation (made possible by falling costs of transportation) in accordance with neo-classical theory. This latter trend has, over the post-WWII period, been found in empirical studies in many developed countries (see Sala-i-Martin 1992, 1995; Persson 1997 ).
Whether or not this pattern will continue in an era of increasing globalisation has been subject for debate over the last decades. That differences in income due to geographical factors should diminish as a consequence of free trade and deregulation (globalisation) is, in certain quarters, a strongly held belief (O'Brien 1992; Ohmae 1995; Cairncross 2001; Friedman 2006) . One of the chief reasons why spatial income differences should be evened out both within and between countries is that free trade would increase returns to the abundance of labour underemployed in the developing world. The opening up of a formerly closed economy could also weaken the forward and backward linkages built up during import-substitution and make economic activities more evenly spread out in developing countries (Krugman and Livas 1996) .
However, an increasing number of studies are pointing in the opposite direction:
spatial income inequality in developed and developing countries alike is rising and it is roughly coincidental with the rise of trade liberalisation and globalization (Zhang and Zhang 2003; Kanbur and Venables 2005; Rodríguez-Pose and Gill 2006; Hanson 2007) . One reason for growing regional disparities in developing countries might be that trade liberalisation increases labour's mobility towards industrial agglomeration (Paluzie 2001) , specifically in countries that are becoming more engaged in the trading of manufactured goods (Rodríguez-Pose and Gill 2006) . Also, in developed economies, it seems as if globalisation fosters local level development (Storper 1995 (Storper , 1997 . Hence, it seems as if evidence is mounting up in favour of the view that globalisation in general, or trade liberalisation in particular, tends to increase regional disparity. In terms of long-term regional development, the inverted U curve has taken a new turn.
As far as the impact of ICT on regional development is concerned, some argue that it enables near cost-less transfer of information allowing economic activity to be more outspread and not tied to traditional physical and natural endowments (Quah 2001) . Others, however, argue that the shift to a knowledge and ICT oriented economy will strengthen spatial agglomeration (Saxenian 1994; McCann 2008 Jaffe et al. 1993 ). The studies made on agglomeration and inequality, based on micro level data, are relatively few and the lack of available household survey data over a sufficiently long period of time makes it hard to find conclusive evidence. This might be due to the fact that the unit of analysis might differ, as might the geographical scales and quality and type of data as well as how data is modelled. A study of regional per capita income inequality based on household data in Western Europe finds that the overwhelming part of overall inequality is intra-regional rather than inter-regional, or between countries (Rodríguez-Pose and Tselios 2008). Another micro data-based study suggests that agglomeration is likely to generate inequality in income distribution between individuals in leading and lagging regions (Duranton and Monastiriotis 2002) . In yet another, more theoretical paper, the authors suggest that even if inequality increases, the relatively disadvantaged in the lagging regions might still be better off in absolute terms (Fujita and Thisse 2003) . What is less investigated is whether inter-regional inequality increases for all major educational and occupational groups and the extent to which less educated groups in the leading region are positively affected by the effect of agglomeration.
The stylised facts of Taiwan relate to many of the theoretical and empirical observations and limitations described above. From the early 1960s, Taiwanese growth was largely based on small-and medium-sized firms geographically distributed in a decentralised pattern (Fei et al. 1979; Ho 1979) . Even if the reasons behind the dispersed localisation of rural industries are contested (see Amsden 1991; Greenhalgh 1988; Park and Johnston 1995; Chan et al. 1998) , one significant consequence was the cushioning of the income inequality otherwise commonly appearing during the industrialisation process (Fei et al. 1979 ).
Accordingly, Taiwan remained fairly egalitarian as the process of industrialisation did not concentrate income in certain spatial areas or among certain segments of the population (Bourgignon et al. 2001 ). The rural-urban and the inter-regional income gaps could, therefore, be kept relatively narrow and continue to converge until the early 1990s.
In common with many industrialising economies during the 1980s, Taiwan entered into what often is labelled 'the third industrial revolution', where new skills and technology gained importance. In Taiwan, production costs had increased abruptly after the appreciation of the New Taiwan Dollar after the Plaza Accord in 1985, and traditional labourintensive industry lost competitiveness. In the late 1980s to early 1990s, most of these firms closed down, moved abroad or restructured (see Feenstra and Hamilton 2006) . As a consequence, new and old entrepreneurs entered industrial and service activities that were more intensive in the use of technology and knowledge.
One indicator of the strong and rapid movement towards the knowledge economy is the substantial decline of the share of blue-collar production workers compared with other occupational categories during the 1990s. The share of production workers can be considered a proxy measure of the strength of the labour intensive industry. Figure 1 shows this significant change and indicates also that the share of production workers started to decrease earlier in the north. Taiwan) . Household survey data shows that the increase in the share of this occupational category compared to other occupations increased more in the north than in the rest of Taiwan. Furthermore, within the manufacturing industry, the long-term decrease in the share of production workers and the increase in the share of technicians imply that technicians and associate professionals outnumbered production workers by the year 2000, and by the end of our investigation period the share of technicians is considerably higher. Typical of Taiwan is the relatively high degree of dynamics on the labour market. In Taiwan, worker mobility is high in an international comparison, and inter-regional migration in Taiwan is relatively extensive (Tsou et al. 2001; Chiang 2009 ). This suggests that regional income inequality is not severely affected by mismatching supply and demand factors on the labour market.
Taking the changes in industrial structure described above as a background, the study now proceeds to examine distributional impacts of the north forging ahead. In order to estimate these effects on educational and occupational categories, modified versions of basic income models are run for each separate year. The coefficients are presented consecutively in figures in order to graphically illustrate the trends. The data and methods are presented below.
Data and methods
The empirical analysis uses the Survey of Family Income and Expenditure in Taiwan The SFIET contains ten educational categories, from 'illiterate' to the PhD level, which we grouped into six levels in our analysis. The three lowest educational categories, at the primary level or lower, are grouped together into one ('primary'), and the three highest, at college/university, Master's, and PhD levels, are grouped together into one ('college or university').
Regarding occupational categories, the data is more complicated due to reclassification of several occupational categories in the SFIET over time. Certain classifications are, however, stable over time, which means that relative incomes can be analysed for the whole time-period. 'Professional' and 'administrative and executive workers' are two categories that can be followed over the whole time-period, and they include high-income occupations that can be expected to have gained in the process of increased agglomeration. In other cases we have merged occupations into broader categories, such as 'sales and service workers' and 'production workers and machine operators'. Taiwan The increasing regional income disparity from the early 1990s onwards thus seems to be explained by a shift towards knowledge intensive production, which has been concentrated in the north, especially, but not exclusively, in Hsinchu. Hence, one would also expect an increasing concentration of highly-skilled workers in the north, and that most of the increased income disparity would be explained by an increasing level of education in the north. Part of the divergence in Taiwan can be attributed to a concentration of skills in the leading region. It is to be expected that wages and income in general are higher in areas specialised in more skill-intensive industries, and the northern region of Taiwan provides an example of this phenomenon from the early 1990s onwards. However, we will show that, taking into account individual skills (proxied by education), per capita incomes are still higher in the leading region, which suggests the existence of a locational effect -a geographical agglomeration bonus -adding a premium on top of the skill effect for the population in the most advantageous region.
Distributional effects of agglomeration in
Next, the study investigates the distributional dimension and asks whether a geographical bonus in the north is primarily enjoyed by the highly educated workers in knowledge-intensive production or whether positive externalities of agglomeration are diffused to the broader segments of the population by investigating relative income trends across educational and occupational categories. We analyse intra-regional as well as interregional income trends. Intra-regional income trends show how relative incomes between educational and occupational categories have changed within the region in the process of industrial transformation. Inter-regional income trends reveal income patterns over time for educational and occupational categories in the north relative to the same categories outside the north; that is, how household heads in these categories have gained in relative terms from working in the leading region.
Looking first at intra-regional income differences between educational categories, the effect of education level on the income of the household head is estimated, controlling for age, sex and civil status, and with separate estimations for households located within and outside north. As mentioned above, the SFIET contains ten educational categories, which we have grouped into six levels. In the regression, education is introduced as six dummy Reference category = Primary education and lower.
According to the estimates reported in figures 3a and 3b, the highest educational category has gained the most in relative terms, both within and outside the north. The patterns of increased income disparity across educational categories are similar within and outside the north. Higher returns to education both within and outside the north do not, in itself, suggest a particular effect of agglomeration. But the pattern is more accentuated in the north, suggesting that returns to education have increased more in the north, particularly from around 1990.
In order to analyse inter-regional income disparity across educational categories, separate regressions were estimated for each educational category, including an indicator for whether or not the household was located in the north. show the relative income advantage in the north compared to the non-north, the reference category is the corresponding educational category outside the north. No regional consumer price index was available to control for possible regional deviations in terms of evolution of prices. Even if housing prices seem to be higher in the north, it seems more reasonable to see this as an effect of agglomeration rather than its cause (Hsueh et al. 2002) . Figures 4a and 4b show that increasing agglomeration bonus in the north is a general phenomenon and not just confined to high-skilled labour. What is noteworthy is that the inter-regional income gap is larger within the lower education shown in figure 4a , than within the higher education shown in 4b. At the beginning of the period, those with primary education in the north had about 33 per cent higher incomes than those with primary education in the rest of Taiwan.
The income advantage decreased to about 18 per cent for those with primary education in the middle of the period, before increasing again to about 25 per cent at the end of the period. For those with a college or university education, the income advantage was about 18
per cent in the north at the beginning of the period, decreasing to a statistically insignificant level between 1988 and 1990, before increasing again to 17 per cent at the end of the period. Apparently, the increasing regional income disparity in the second part of the period includes all educational categories, not only the higher educations. In relative terms, the regional income gap was actually larger within lower educations. In terms of income of the household heads, it seems that the less educated were better off in the north compared to the rest of Taiwan.
However, the trend of increasing inter-regional income disparity starting in the late 1980s is more pronounced and begins earlier within the higher education categories. The turning points for the lower educations in figure 4a are between 1991 and 1994 and the increase is between five and seven percentage points, whereas the turning points for the higher educations in figure 4b are between 1988 and 1991 and the increase is between 10 and 13 percentage points. Hence, the inter-regional pattern of income convergence followed by divergence is pronounced for all educational categories, suggesting that the increasing agglomerating bonus in the north seems to be more immediate and somewhat stronger for the highly educated.
Analysing intra-regional income differences according to occupation, a similar model Regarding administrative and executive workers, the shape of the time series' are basically unchanged over time. Regarding professionals, there is a clear pattern of increasing returns to education from the early 1990s, indicated by the divergence of the series derived from models 1 and 2. Figure 5b shows a somewhat different picture regarding the patterns of relative incomes in the regions outside the north. There is a similar upward trend for 'professionals', whereas there is a slightly negative trend for 'administrative and executive workers', although, from a high level. There is a clear trend break for 'professionals' around 1990, and the intra-regional differences between the two occupational categories in model 1 are statistically insignificant outside the north after that year. Model 2 reveals that education is an important factor for the rising incomes for professionals after 1990.
Income was more compressed across occupations in the north during the early period and has become more divergent after 1990, implying an increasing premium for high-end occupations. But, compared to the rest of Taiwan, the income gap between high-end occupations and all other occupations is not significantly wider in the north, i.e., other occupations seem to have gained from agglomeration in the north. Controlling for education lowers the income gap vis-à-vis the reference category (all other occupations) since occupation is typically reflected in level of education. What is noteworthy is that 'professionals' is a more heterogeneous category in terms of educational level and that there seems to be a clear change after 1990 when 'professionals' in both the north and the rest of the regions contains an increasingly large share of highly educated individuals. For this category, it seems to be education rather than occupation that pays off after 1990, whereas the relationship between occupation and education for 'administrative and executive workers' is more constant over time and the income premium is, to a larger extent, explained by specific tasks rather than skills. Figures 6a and 6b show inter-regional income differences across occupational categories. Again, there are clear trends of income convergence for all occupational categories in the first half of the time period, until the early 1990s. The inter-regional difference is statistically insignificant in the years around 1990 for the high-end occupations displayed in figure 6a . The second part shows a very steep trend of increased divergence for 'administrative and executive workers', a pronounced divergence for 'professionals' and for 'production workers and machine operators', and a small tendency towards increased inter-regional income divergence for 'sales and service workers'. Thus, increasing interregional income divergence is not only confined to the highincome occupations displayed in figure 6a , but also to the more ordinary occupations shown in figure 6b. When controlling for education, the regional income effect is relatively stronger for the lower end occupations, partly because the variance in education is lower among lower end occupations. Over time, education has a larger effect on income after 1990 for the higher-end occupations, but the U-shaped pattern of inter-regional income development remains for all categories. The occupations within the category 'production workers and machine operators' display steeper inter-regional income divergence compared to 'sales and service workers'. Hence, occupations in the north directly affected by the industrial transformation have gained more in relative terms, but there seems to be spill-over effects on other occupations, for example, within the category 'sales and service workers'. The steep trend regarding 'administrative and executive workers' after 1990 may be an indication of central administrative and executive functions being increasingly concentrated to the north in the course of the structural transformation. The geographically decentralised labour intensive industrial pattern, one of the central features of Taiwan's 'growth with equity' model, seems to have been fundamentally altered and replaced by other, weaker, distributive mechanisms between regions. Within the north, however, geographical agglomeration seems to generate its own distributional mechanism through proximity effects.
Conclusions
Taiwan represents a case that from the 1970s onwards has experienced strong structural changes of the economy, most notably in the direction towards a more skill-and knowledge intensive industry and industrial agglomeration in the north. One of the consequences of these changes is a marked increase in regional income disparity beginning around 1990, after which the northern region had forged ahead. The fundamental question addressed in the paper is whether this spatial inequality is confined to limited segments of the Taiwanese educational and occupational hierarchy, or to people at large in the northern region. The choice of methods, constructing a longitudinal perspective on 31 consecutive household surveys using multiple cross-sectional regression estimations, allows assessments of the extent and distribution of Marshallian proximity effects of agglomeration in the leading region. The U-shaped inter-regional income pattern in Taiwan 1976-2006 seems to be driven by structural change with its core in the manufacturing sector. Increasing interregional income divergence in the second part of the period, from the early 1990s onward is found for all educational categories, showing that the positive income effect of agglomeration in the north is a relatively general phenomenon.
The results suggest that highly educated and some high end occupations have been particularly successful in reaping the benefits of agglomeration. At the same time, the fruits of agglomeration in the north have also spilled over to lower-educated segments of society within that region. According to the analysis of the data in this study, also, the less educated enjoy positive externalities of agglomeration in the leading region, implying that geographical agglomeration has the potential of lifting all boats in the agglomerating region.
By implication, however, 'growth with equity' has become a regional rather than national characteristic of Taiwan and, as such, the interplay between the industrialisation process and inequality has increasingly become dependent upon regional growth dynamics. Comparative analysis would reveal whether other East Asian countries follow the Taiwanese pattern and the extent to which the second-tier Asian countries would be wise to pay closer attention to regional growth dynamics in their quest for equitable growth.
